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comment.
comment. ----------------------------------------------------------------------
comment. entropy of the fission source distribution will be computed
comment.
comment. the mesh for source entropy is based on the site coordinates
comment.   using  3675  mesh cells with spacing approx  1.00*rms - fiss - dist
comment.
comment.     Xbins=   35     Xmin= - 1.6861E+02     Xmax=  1.6856E+02
comment.     Ybins=   35     Ymin= - 1.6856E+02     Ymax=  1.6857E+02
comment.     Zbins=    3     Zmin= - 9.6460E+00     Zmax=  9.9571E+00
comment.
comment. the mesh will be automatically extended if necessary to encompass the
comment.   entire fission distribution, preserving the original mesh spacing.
comment. ----------------------------------------------------------------------
comment.

comment.
comment. ----------------------------------------------------------------------
comment.  FISSION MATRIX WILL BE COMPUTED to estimate dominance ratio,
comment.      based on fission sites only - not flights or collisions
comment.
comment.  The mesh for the fission matrix is the same as the entropy mesh,
comment.      using  3675  mesh bins for tallying fission neutrons 
comment.
comment.      Fission matrix mesh will be extended if          
comment.         any fission sites are found outside this mesh.
comment.
comment.      Fission matrix tallies will be reset after cycle   1
comment.      Fission matrix eigenfunction will be found every  10 cycles.
comment.
comment.      Fission matrix dimensions:  3675 x 3675
comment.
comment.      Compressed - row - storage is used for the fission matrix.
comment.         max number of nonzero entries:  13505625
comment.
comment.
comment.  FMATCONVRGoption is being used.
comment.     Statistical tests on the neutron and fission - matrix distributions
comment.     will be used to determine convergence and begin active cycles.
comment.     The 3rd entry on the KCODE card may be ignored.
comment.
comment.     Targets for statistical tests:
comment.       h_slope: < 0.0001 or <2.0 sig,     h_diff:   0.01
comment.       k_slope: < 0.0001 or <2.0 sig,     distribs: 0.95 conf level
comment.
comment.
comment.  FMATACCELoption is being used. 
comment.    The fission matrix will be used to ACCELERATE source convergence 
comment.    of the neutron distribution during inactive cycles.
comment.    Importance - factor - limits:   min= 0.20,  max= 5.00
comment.
comment. ----------------------------------------------------------------------
comment.
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cycle    k(col)       ctm   entropy    active     k(col)    std dev     chains
1   1.35733      0.04   0.60521                                      35416

extend H - mesh to:   36 x 35 x 4
2   1.16857      0.10   0.62080                                      22433

extend H - mesh to:   37 x 35 x 4
3   1.08223      0.13   0.63109                                      17100

dS=  3%, dF= 34%, shift window
extend H - mesh to:   37 x 36 x 4

4   1.05100      0.17   0.63410                                      13800
dS=  2%, dF= 19%, shift window
extend H - mesh to:   37 x 37 x 4

5   1.02827      0.21   0.63348                                      11529
dS=  1%, dF= 14%, shift window
extend H - mesh to:   37 x 37 x 5

6   1.02118      0.25   0.61732                                       9997
dS=  0%, dF= 10%, shift window

7   1.02018      0.29   0.61762                                       8746
dS=  1%, dF=  9%, shift window

8   1.02413      0.32   0.61845                                       7790
dS=  0%, dF=  7%, shift window

9   1.01974      0.37   0.61766                                       6974
dS=  0%, dF=  7%, shift window

10   1.01709      0.43   0.61656                                       6313
dS=  1%, dF=  5%, shift window

11   1.02129      0.48   0.61606                                       5815
dS=  1%, dF=  5%, shift window

12   1.01705      0.53   0.61452                                       5351
13   1.02459      0.58   0.61263                                       4975
14   1.02193      0.65   0.61214                                       4640
15   1.02741      0.70   0.60894                                       4372
16   1.03005      0.73   0.60600                                       4091
17   1.03266      0.78   0.60435                                       3852
18   1.03369      0.83   0.60065                                       3628
19   1.03485      0.87   0.59622                                       3426
20   1.03631      0.91   0.59177                                       3245
21   1.04159      0.96   0.58774                                       3074

fmatrix keff= 1.12401,  DR= 0.91098,  iters=   199

B$",*'C
3-DD-$.)%&#,-<C

/)%'DE
D#&F-+-G&#-$.

H+$*I
$3

*5*+'D
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20   1.03631      0.67   0.59177                                       3245
21   1.04159      0.71   0.58774                                       3074

fmatrix keff= 1.12401,  DR= 0.91098,  iters=   199

CONVERGENCE INFO & CHECKS: (based on last  10 cycles)

entropy for fmatrix eigenvector    =  0.35378

entropy for neutron  last cycle    =  0.58774   dif=   66.13%
relative entropy for last cycle    =  2.06901

slope of keff (tracklen)     =  2.0E - 03,  target:  < 4.7E - 04   FAIL
slope of keff (collide)      =  2.1E - 03,  target:  < 4.8E - 04   FAIL
slope of keff (absorb)       =  2.0E - 03,  target:  < 5.2E - 04   FAIL
slope of entropy             = - 2.6E - 03,  target:  < 3.9E - 04   FAIL
slope of entropy X marginal  = - 2.1E - 03,  target:  < 4.5E - 04   FAIL
slope of entropy Y marginal  = - 2.1E - 03,  target:  < 3.7E - 04   FAIL
slope of entropy Z marginal  =  8.7E - 04,  target:  < 3.0E - 04   FAIL
entropy dif, neuts vs fmat   =  7.1E - 01,  target:  < 1.0E - 02   n/a 
Kolmo - Smirnov, distrib, stat =  6.8E - 01,  target:  < 9.1E - 02   FAIL
Chi - square,    distrib, stat =  5.0E+04,  target:  < 5.0E+02   FAIL
rel - h- block,   distrib, stat =  2.5E+00,  target:  < 5.0E - 03   n/a 

***** convergence tests were NOT passed *****

MISCELLANEOUS INFO & CHECKS:

rmse        =    1.16    %
fmat nnz=       11882,  0.09 %

accelerate : Imin= 0.2, Imax= 4.7
22   1.10895      0.75   0.38293                                       2130

accelerate : Imin= 0.2, Imax= 2.5
23   1.11427      0.78   0.35428                                       1477

accelerate : Imin= 0.2, Imax= 5.0
24   1.11602      0.81   0.35248                                       1258

accelerate : Imin= 0.2, Imax= 5.0
25   1.12045      0.84   0.35200                                       1108
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fmatrix keff= 1.11538,  DR= 0.91466,  iters=   127

CONVERGENCE INFO & CHECKS:         (based on last  10 cycles)

entropy for fmatrix eigenvector    =  0.35254

entropy for neutron  last cycle    =  0.35212   dif=   - 0.12%
relative entropy for last cycle    =  0.00744

slope of keff (tracklen)     = - 5.3E - 05,  target:  < 6.5E - 04   PASS
slope of keff (collide)      =  7.1E - 05,  target:  < 5.0E - 04   PASS
slope of keff (absorb)       = - 6.8E - 06,  target:  < 5.0E - 04   PASS
slope of entropy             = - 2.2E - 05,  target:  < 2.9E - 04   PASS
slope of entropy X marginal  =  5.8E - 05,  target:  < 5.4E - 04   PASS
slope of entropy Y marginal  = - 1.5E - 04,  target:  < 4.1E - 04   PASS
slope of entropy Z marginal  = - 5.8E - 05,  target:  < 2.7E - 04   PASS
entropy dif, neuts vs fmat   =  2.6E - 03,  target:  < 1.0E - 02   PASS
Kolmo - Smirnov, distrib, stat =  2.4E - 03,  target:  < 9.1E - 02   PASS
Chi - square,    distrib, stat =  3.4E+01,  target:  < 5.0E+02   PASS
rel - h- block,   distrib, stat =  9.7E - 04,  target:  < 5.0E - 03   PASS

******************************************************************
******************************************************************
** FISSION SOURCE HAS CONVERGED, based on last     10   cycles  **
**   Metrics:                                                   **
**     slope of keff (tracklen)          is 0   (within uncert) **
**     slope of keff (collide)           is 0   (within uncert) **
**     slope of keff (absorb)            is 0   (within uncert) **
**     slope of entropy                  is 0   (within uncert) **
**     slope of entropy X marginal       is 0   (within uncert) **
**     slope of entropy Y marginal       is 0   (within uncert) **
**     slope of entropy Z marginal       is 0   (within uncert) **
**     entropy dif, neuts vs fmat        is 0   (within uncert) **
**   Distribution checks:                                       **
**     Kolmo - Smirnov, distrib, stat, neut vs fmat (within conf) **
**     Chi - square,    distrib, stat, neut vs fmat (within conf) **
**     rel - h- block,   distrib, stat, neut vs fmat (within conf) **
******************************************************************
******************************************************************
Convergence is locked - in, even if some tests fail in future cycles

Active cycles will begin with cycle =       42
Active cycles will end   with cycle =      241
Total active cycles to be run       =      200

B"&.#-#&#-1'
C1-('.*'

D$,
0$.1',2'.*'

B"&.#-#&#-1'
C1-('.*'

D$,
0$.1',2'.*'
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40>?@)'<&%A+'
50   1.12150      2.29   0.34704         9    1.11528    0.00178        401
51   1.10686      2.33   0.34698        10    1.11444    0.00180        395

fmatrix keff= 1.11491,  DR= 0.91140,  iters=   114

CONVERGENCE INFO & CHECKS:         (based on last  10 cycles)

entropy for fmatrix eigenvector    =  0.35151

entropy for neutron  last cycle    =  0.34698   dif=   - 1.29%
relative entropy for last cycle    =  0.01079

slope of keff (tracklen)     =  3.9E - 04,  target:  < 8.8E - 04   PASS
slope of keff (collide)      =  5.1E - 04,  target:  < 1.1E - 03   PASS
slope of keff (absorb)       =  4.2E - 04,  target:  < 1.1E - 03   PASS
slope of entropy             = - 5.8E - 04,  target:  < 2.1E - 04   FAIL
slope of entropy X marginal  = - 6.2E - 04,  target:  < 3.6E - 04   FAIL
slope of entropy Y marginal  = - 7.9E - 04,  target:  < 4.4E - 04   FAIL
slope of entropy Z marginal  =  7.1E - 07,  target:  < 2.2E - 04   PASS
entropy dif, neuts vs fmat   = - 9.6E - 03,  target:  < 1.0E - 02   PASS
Kolmo - Smirnov, distrib, stat =  5.6E - 03,  target:  < 9.1E - 02   PASS
Chi - square,    distrib, stat =  9.9E+01,  target:  < 5.0E+02   PASS
rel - h- block,   distrib, stat =  2.8E - 03,  target:  < 5.0E - 03   PASS

convergence checks passed               at cycle =       41
active cycles based on fmatconvrg begin at cycle =       42

entropy for fmatrix eigenvector    =  0.35151
entropy for neutron  active cycles =  0.34819   dif=   - 0.94%
relative entropy for active cycles =  0.00298

POPULATION SIZE INFO & CHECKS:     (based on last  10 cycles)

population check using relative entropy                         PASS

warning: The average entropy for the last      cycles      
differs from the entropy for the fission matrix   
fundamental mode by  - 1.1%.  This indicates    
undersampling or possible clustering.             
CONSIDER USING MORE NEUTRONS/CYCLE. 
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MCNP6 Test Problems for Fission Matrix Based
Automated Convergence & Acceleration

of K -eigenvalue Problems

¥ VALIDATION_CRITICALITY benchmark suite
¥ Godiva Ðbare HEU sphere
¥ PWR2d Ðcommercial PWR 
¥ ATR Ðadvanced test reactor
¥ C5G7 3D U-Mox benchmark, OECD -NEA

¥ Triga reactor
¥ ACRR burst reactor, with FREC
¥ LCT-078-001 - Sandia critical experiment
¥ 3D PWR ÐHoogenboom -Martin benchmark, OECD -NEA
¥ Whitesides problem ÐK-effective of the world model 

¥ TEST4S Ðsimplified Whitesides , OECD-NEA
¥ FPOOL ÐOECD-NEA source convergence benchmark 1
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VALIDATION_CRITICALITY benchmark suite

! =#&.(&,()40>?)1&+-(&#-$.)@"-#')@-.*')ABBA)C4$@#'++',D
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Converged,
Cycle 27

Bare HEU sphere

Godiva Problem
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2D PWR    (Nakagawa & Mori model)
! 48 1/4  fuel assemblies:

! 12,738 fuel pins with cladding
! 1206 1/4  water tubes

! Each assembly:
! Explicit fuel pins & rod channels
! 17x17 lattice 
! Enrichments:    2.1%,  2.6%,  3.1%

! Calculations used whole -core model ,
symmetric quarter -core shown below

!

Converged,
Cycle 27

Whole -core 2D PWR Model
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Converged,
Cycle 37

��Serpentine Arrangement of Highly 
Enrichment Water -Moderated Uranium -

Aluminide Fuel Plates Reflected by Beryllium ��

Advanced Test Reactor
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Figure 2. Fuel pin layout

Figure 3. Benchmark fuel pin compositions and numbering scheme
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Figure 4. Three-dimensional geometry for the Unroddedconfiguration

Figure 5. Geometry configuration for the upper axial water reflector
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Converged,
Cycle 36

OECD-NEA Benchmark - C5G7
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Converged,
Cycle 19

TRIGA Reactor
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?7@)A+$#

B7?)A+$#

Converged,
Cycle 42

Sandia burst reactor - ACRR, with FREC
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?7@)A+$#

B7?)A+$#
Converged,

Cycle 52

Sandia critical experiment ÐLCT-078-001,      1,057 rod assembly
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OECD-NEA "Hoogenboom -Martin Performance Benchmark"

Reactor Ðfull core, 3D
¥ LWR model:     241 assemblies,  264 pins/assy
¥ Fuel: 17 actinides + 16 FPs;     borated water

¥ Detailed 3D MCNP model

(63,624 pins) x (100 axial) =  6.3M pin powers

Runs easily on deskside computer

Converged,
Cycle 62
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9 x 9 x 9 array of Pu -239 spheres
¥729 spheres
¥Void between spheres
¥Surrounded by 30 cm water
¥Sphere radii ~ 4 cm
¥Pitch = 60 cm
¥Keff ~ 0.93

9'?+&*')*'.#',)@?A',')$3)&,,&5)B5)+&,2',)
C*,-#-*&+D)@?A','

EA$"+()B')@"?',*,-#-*&+) 7-@)-#)F

Converged,
Cycle 45

Whitesides ' Model Problem ÐK-eff of the World
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OECD-NEA source convergence benchmark
! Simplified version of Whitesides problem
! 5 x 5 array of HEU spheres

! center sphere, R = 10 cm
! others, R = 8.71 cm
! pitch = 80 cm
! air in between spheres
! vacuum boundary conditions

Converged,
Cycle 41

>?0@ 7A?!)B$",*')0$.1',2'.*')C,$D+'%) TEST4S
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0",,'.#)>$,?

! @"%%',)AB:;
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! ?=<(A().-1)@1(&*=,*%4)$&(K3$,()+*E(
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9'3','.*'?
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